This study was conducted to examine both spatial and temporal variability of infiltration rates on a tangeland site in west-central Utah. The experiment utilized a grid 20 m long and 18 m wide in both grazed and ungtazed sites with a sample spacing of 2 m within the grid. To investigate the seasonal effect on variability of itilttation rates, data were collected for 3 seasons (summer, fall, and spring). Measured infiltration rates at 10 and 30 min during all seasons and under grazed versus ungtazed conditions were all found to approximate a two-parameter log normal distribution. Regionalized variable theory was applied to the data through the development of autocottelograms and semivuiograms, revealing a complete lack of variance structure among the infiltration rates. This finding excluded the possibility of using the Ktiging technique for interpolation. Seasonal effect was found to be very important in influencing infiltration rates. The difference between the measured infiltration rates at both grazed and ungtazed sites was very significant for the 3 seasons under study.
Variability is considered one of the most important aspects of the infiltration process. Many difficulties arise due to natural variability which is characteristic of all field studies. This characteristic complicates analytical expressions developed to describe and predict the infiltration process. In this matter, Vieira (1980) stated, "To estimate the infiltration rate of a given field, the variance structure of the observations throughout the field must be identified in order to appropriately analyze each set of measurements, and obtain the best estimate of the expected mean value". Also, Nielsen et al. (1973) emphasized that it is important to assess to some degree the confidence that can be attached to predictions made by models.
Though many factors contribute to variability of infiltration rates, they can often be expressed simply in terms of time and space. The variation can be attributed to source combination of experimental error, time variations, and spatial variation (Campbell 1978) .
Several studies have investigated the spatial variability relationships among measured infiltration rates; however, there has .been little attempt to investigate seasonal changes. In addition, most studies of spatial variability of infiltration rates have been conducted on agriculture lands.
This study examines both spatial and temporal variability on a rangeland site in Utah. The study uses regionalized variable theory to assess the spatial relationships of field measured infiltration rates on a seasonal basis. The experiment had 4 objectives: first, to study seasonal infiltration rates; second, to determine the approximate frequency distribution of measured infiltration rates on a seasonal basis; third, to determine the spatial variability relationships among measured infiltration rates by using semivariograms and autocorrelograms; and last, to compare infiltration rates from grazed and ungrazed pastures.
Concept of Regionalized Variables
The term region&red was proposed by Matheron (1971) to describe a phenomenon distributed in space (and/or time) which exhibits a specific structure. A variable which characterizes such a phenomenon is called a regionalized variable. Almost all variables describing subsurface water movement or atmospheric water movement may be considered regionalized variables (Delhomme 1976) .
From the mathematical viewpoint, a regionalized variable is simply a function x(z) which gives the value at point z (in a 1,2, or 3-dimensional space) of a characteristic x of the natural phenomenon being studied. Regionalized variable theory is used for the analysis of the spatial variation of infiltration rates. Autocorrelograms and semivariograms are used to identify the degree of dependence (zone of influence) of infiltration rates on the distance between pairs of measurements.
The Autocorrelogram
If x(z) is the value of the regionalized variable xat a point z, and x (z+h) is the value of x at a point z+h at a distance h from z, the autocovariance between x(z) and x(r+h) for a given h is (Rendu 1978):
where E denotes expected value.
The function u(h) is2the autocovariogram of the regionalized variable x. Assummg 01 to be the variance of x(z) and u 2 2v ariance of x(z+h):
The coefficient of correlation between x(z) and x(z+h) is:
The function p(h) is the autocorrelogram of the regionalized variable x. The autocorrelogram is a process of self-comparison that expresses the linear correlation between a spatial series and the same series at a further interval of space (Davis 1973) . Webster and Cuanalo (1975) and Webster (1978) stated that the zone of influence corresponds to one-half the lag where the autocorrelogram flattens after a steady decay. Webster et al. (1975) defined the autocorrelation analysis as an alternative way of examining the relationships between sampling points in a spatial series. It measures the relationship as a function of the distance separating the sampling points rather than on the absolute position of them. The
where:
rk is the autocorre)ation at lag K n is the number of observations ui is the value of the observation at the ith portion
Ui+k is the value of the observation at the (i+k)* portion
Autocorrelations can be calculated for lags k=I, 2, . . . . m to give an ordered set of coefficients. A graph of these plotted as ordinate against lag is known as a correlogram. Clearly, when the lag is zero (k=O), rk=l.O. As the value of lag k is increased, the correlation may drop possibly to zero, which means one element is changing inversely with relation to other elements being compared.
The Semivnriogram
Another way of analyzing the spatial dependency between neighboring observations is the semivariogram. By definition, the value of the semivariogram (h) for a given distance h is one-half the expected squared difference between the values of the samples separated by h, as defined by Rendu (1978) .
If the experimental points are at a regular spacing on a line, the variogram may be calculated for values of h multiples of the step, using the formula:
x(z) = the data i=l z = the points for which the data are available both in z and z+h n(h) = the number of pairs of points separated by a distance h.
A variogram or semivariogram is a plot of the variance r(h) along the ordinate against the distance measured in multiples of h along the abscissa. For large distances h such that x(z)and x(z+h) are not correlated, the semi-variogram y(h) will reach a value equal to the variance a*. This limiting value is called the sill of the semivariogram, and the distance at which y(Ir) reaches the sill is called the range. The range of the semi-variogram obtained from a given type of sample corresponds to the distance of influence of these samples (Rendu 1978) .
The regionalized variables, by use of the variogram, characterize the spatial variability of a phenomenon. The connection with problems of estimation is done by Kriging.
Methods

Study Area
The study was conducted approximately 3.20 km southwest of Eureka, Utah, in the west-central area of the state, within Utah State University experimental pastures. In 1957, the pastures were plowed and seeded and then fenced into 24 28-ha units. Two experimental areas within a pasture seeded to crested wheatgrass (Agropyron desertorum), one moderately grazed (1.5 ha/ AUM) for several years during parts of June, July or August by cattle and the other ungrazed for over 20 years, were utilized in this study.
Average annual precipitation for the area is 20-30 cm, most of which falls in the winter months. The taxonomic soil classification for both experimental sites is: coarse-loamy, mixed, mesic, torri-
Experimental Design
The experiment utilized a grid 20 m long and 18 m wide in both grazed and ungrazed sites (Fig. I) used within the grid. The data were collected in 7 columns in the east-west direction with 10 samples per column, and 70 samples in total per sampling data per site.
To investigate the seasonal effect on variability of infiltration rates, data were collected for 3 seasons (summer, fall, and spring).
Procedures
Infiltration data were collected during the months of July (during grazing) and October (after grazing) for the summer and fall of 1981, respectively, and during the month of April (before grazing) for the spring of 1982.
A double ring infiltrometer was used to minimize the effect of lateral water flow in measurement of infiltration rates. The inner ring diameter was 30.48 cm (12 inches) and the outer ring diameter was 45.72 cm (18 inches). The infiltrometer was inserted to a depth of 10 cm in the soil with a minimum of disturbance. Before measurements were taken, all plots were pre-wet with 5.08 cm (2 inches) of water and covered for a period of 3 hours to minimize confounding effects of antecedent moisture. Infiltration rates were measured using a 7.62-cm (3 inch) constant head for 32 minutes and rates were determined at 10 min (measured over the period 8-12 min) and 30 min (measured over the period 28-32 min).
Results and Discussion
Distributions
Visual (fractile diagrams) and statistical (goodness-of-fit test) methods were used to distinguish between normal and log-normal distributions in this study. Fractile diagrams were constructed for the lo-and 30-min infiltration rates measured on both grazed and ungrazed sites for 3 seasons. The fractile diagrams-were con-strutted using the method described by Biggar and Nielsen (1976) . Examination of the fractile diagrams (Fig. 2-4 are typical examples) suggests a lognormal distribution for the infiltration rates (straight-line fit). A goodness-of-fit test described by Ryan and Joiner (undated) was utilized to decide between the normal and lognormal distributions. The correlation coefficients (Table 1) indicate that measured infiltration rates closely approximate a two-paramater lognormal distribution. The statistics for the 3 season infiltration rates from the grazed and ungrazed sites at t= 10 min and t=30 min are presented in Table 2 . The parameter estimates were calculated using the formulas given by Yevjevich (1972). 
Statistical Analyses
A 3 (seasons) by 2 (grazing treatments) by 2 (time intervals) factorial analysis of variance was performed to analyze the seasonal effects on infiltration rate, to compare ungrazed and grazed measured infiltration rates, and to differentiate between the IO-and 30-min measured infiltration rates. Season of the year (spring vs. summer, fall) was found to be very significant in influencing infiltration rates (Table 2) . Pooled over sites and time intervals, the mean infiltration rate for summer was 8.42 cm/ hr, for fall 9.11 cm/hr, and for spring 15.67 cm/ hr. The difference between summer and fall was not significant. These results agreed with the results found by Schumm and Lusby (1963) and Tricker (198 1). In both papers, infiltration rates were reported to be maximum during early spring. Specific reasons for the seasonal changes are not known. However, field observations indicate that it is probably due to frost action and soil biological activity, which makes the soil surface more permeable. Seasonal changes should be considered an important factor in determining infiltration rates in future investigations (Gifford 1979) .
The grazed and ungrazed measured infiltration rates were also The difference between the lo-and 30-min infiltration rates, pooled over sites and seasons, was found to be significant. The mean infiltration rate for 10 minutes was 11.64 cm/ hr and for 30 minutes 10.49 cm/ hr.
Interactions among seasons and sites, season and time intervals, sites and time intervals, and among seasons and sites and time intervals were not significant.
Spatial Variability
To examine relationships between the measured infiltration rates at various grid points, autocorrelograms and semivariograms were constructed for the lo-and 30-min measured infiltration rates from both and ungrazed pastures during the summer, fall, and spring. The interpretation of the autocorrelograms ( Figure 5 is a typical example) based upon Webster and Cuanalo (1975) and Webster's (1978) concept suggests no linear correlation with the 2-m spacing. Autocorrelograms drop rapidly from 1 .O at 0 lag, then fluctuate near zero. This indicates no significant trend exists in the measured infiltration rates. Examination of the isotropic empirical semivariograms (Figure 6 is a typical example) shows that the semivariance values, for the lo-and 30-min observed infiltration rates during the summer, fall, and spring from both grazed and ungrazed sites, center about the sill value. This also indicates that the infiltration rates are randomly distributed, which means that the covariance between the measured values is zero for all distances h. This is the case of a pure nugget effect described by Rendu (1978) , a case where infiltration values are uncorrelated. The results obtained from both autocorrelograms and semivariograms reveals the absence of continuity between plots. 
Conclusions
Measured infiltration rates at 10 and 30 min during all seasons . and under grazed versus ungrazed conditions were all found to approximate a two-parameter lognormal distribution. Springer and Gifford (1980) found that infiltration rates on a plowed sagebrush site in Idaho could be adequately represented by either a normal or lognormal distribution.
However, smaller sample numbers were used in the Idaho study than in the current study; a rainfall simulator was also used versus a ring infiltrometer in this study. Assuming that instrument type makes no difference, the larger sample sizes indicate that lognormal distributions should be assumed when analyzing infiltration data.
Autocorrelograms and semivariograms showed a complete lack of variance structure among the infiltration rates, indicating that measured data were randomly distributed within the 2-m grid
